gives total CO 2 concentrations (TCO2) within the boxes and the CO 2 partial pressures for the atmospheric and surface ocean boxes above. Figure 3b gives oceanic PO 4. Figure 3c gives the fil3C for the ocean boxes and for the atmosphere. The three-box mechanism was seen as a significant breakthrough in its day because it showed that nutrient utilization over a relatively small part of the ocean's surface could govern the pCO 2 of the atmosphere and the rest of the surface ocean. However, Boyle [1988b] and Keigwin and Boyle [ 1989] soon showed that PO 4 levels in Antarctic waters south of the polar front were fairly constant over the past 50 kyrs and did not vary with atmospheric CO 2. Indeed, a summary article by Boyle [1992] seems to indicate that atmospheric CO 2 was lowered by 80 ppm without significant changes in the distribution of PO 4 anywhere.
In sections 3 and 4 the three-box model is transformed into a model with seven boxes. One feature of the three-box model is retained while three features are altered. The first feature to be altered is the generic high-latitude box. The old highlatitude box is split into two so that the sinking branch of the T circulation is directed into a separate North Atlantic box. This leaves the original high-latitude box as a Southern Ocean box. The upwelling branch of the T circulation is then moved from the low-latitude box into the southern box so that the southern box becomes a region of net upwelling rather than net sinking. These modifications convert the three-box model 
The CO 2 system in (5) can be simplified by eliminating CaCO 3 from Pl and Pn. This eliminates TCO 2 differences between the boxes due to alkalinity differences. The CO 2 system can be simplified further by eliminating temperature differences between the boxes. The carbon system in (5) is now a simple organic carbon pump. If Pn is also assumed to be small in relation to other terms and gas exchange rates are assumed to be high, then TCO2h approaches TCO2/, and (5) can be rewritten as 
Note that the factorfhd/•h d + T) that is multiplied by PO4d in (7) and (9) is gone in (12). This is because the T circulation no longer dilutes PO4h with low-latitude water.
Using the same assumptions as above, i.e., no CaCO 3, no temperature differences, weak Ph, and fast gas exchange, (11) and ( The total reduction of atmospheric CO 2 in Table 5 Table 6 show predicted changes in pH for the deep boxes of all four models and for the a boxes of the two seven-box models. CaCO 3 compensation brings the deep pH of all four models up to or just below the interglacial pH. All boxes above become more alkaline. $anyal et al. [ 1995] Observed changes in/513C seem more consistent with the sixand seven-box models with a larger deep box. However, it is important to remember that the models in Table 6 
Discussion
Two key features separate the models in this paper from previous models. The first is the ability to decouple changes in atmospheric CO 2 from changes in polar nutrients. The second is the physical mechanism used to differentiate the carbon chemistry of middepth water from that of deep water. The discussion below describes these features in more detail and highlights some unrealistic features that arise in trying fit the two features above into a model with only seven boxes. It is hoped that the discussion sheds some light on how the mechanisms described in this paper might work in the real world.
Decoupling Atmospheric CO 2 From Polar Nutrients
The mechanism that decouples CO2 from PO 4 is perhaps best understood by examining the covariance between TCO 2 and PO 4 concentrations in the seven-box model in Figure 14 . Results from the high-CO 2 "modem" solution in Figure 13 aHigh-CO2 state in Figure 13 ;fp d = 60 Sv.
bLow-CO2 state in Figure 13 ; fpd = 10 Sv. The scenario for the glacial ocean in Figure 15c brings to mind the glacial state described by Oppo and Fairbanks [1987, 1990] As interpreted here, glacial CO 2 and •513C observations point to a physical process, or a set of related physical processes, that stratify the interior while reducing the ventilation of the ocean's deepest water. These processes bottle up remineralized CO 2 at depths below 3000 m and reduce the CO3 = in deep water in contact with most of the ocean's CaCO 3 sediments. Through their control of the burial of CaCO 3 these ventilation and stratification processes are able to drive atmospheric CO 2 up and down on timescales between several thousand and 10 thousand years. Models by Boyle [1988a] and Broecker and Peng [ 1989] drive atmospheric CO 2 variations in much the same way, but they require changes in biological activity and major shifts in the ocean's nutrient fields. The mechanism described here will work without any changes in biological activity and minimal changes in the distribution of nutrients. The physical processes parameterized by the polar ventilation parameter in the box model have yet to be fully identified.
